Candida albicans is the most common fungal pathogen of humans. The recent discovery of sexuality in this organism has led to the demonstration of a mating type locus which is usually heterozygous, although some isolates are homozygous. Tetraploids can be formed between homozygotes of the opposite mating type. However, the role of the mating process and tetraploid formation in virulence has not been investigated. We describe here experiments using a murine model of disseminated candidiasis which demonstrate that in three strains, including CAI-4, the most commonly used strain background, tetraploids are less virulent than diploids and can undergo changes in ploidy during infection. In contrast to reports with other strains, we find that MTL homozygotes are almost as virulent as the heterozygotes. These results show that the level of ploidy in Candida albicans can affect virulence, but the mating type configuration does not necessarily do so.
Candida albicans exists as a commensal in the gastrointestinal tract in 50 to 75% of humans and is the most common human fungal pathogen, causing both mucosal and bloodstream infections. The attributed mortality for disseminated infections is 30 to 50% (22) , with immunocompromised patients being particularly susceptible to this organism. Intensive analysis over the last 10 years has yielded evidence that pathogenesis in this fungus is multifactorial.
C. albicans is diploid as usually isolated, and, with one exception, WO-2, a strain with several translocations (32) , no stable haploids or aneuploids with fewer than two copies of each chromosomal homologue have been reported, although many laboratory strains can spontaneously become trisomic for chromosome 1 (7) , and reversible trisomy for chromosome 2 seems to be frequent (37) . C. albicans was thought to be asexual until Hull and Johnson demonstrated the existence of a mating type locus (MTL, mating type-like) which is similar to the MAT locus in Saccharomyces cerevisiae and exists as two alleles, MTLa and MTL␣, in most C. albicans strains (16) . Subsequently C. albicans laboratory strains were engineered to be homozygous or hemizygous at the MTL locus and shown to be capable of mating to form tetraploids, either in the laboratory or after infection in a mouse (17, 31) .
This process was connected to the well-studied whiteopaque phenotypic transition when it was shown that whiteopaque switching required strains homozygous at the MTL locus and that the opaque forms were manyfold more effective at mating than the white forms (28, 33) . Tetraploids formed by mating have been shown to return to the diploid state under some conditions, although the process seems to involve random and sequential chromosome loss leading eventually to diploidy rather than classical meiosis (4). Mating is not restricted to laboratory constructs, since MTL-homozygous strains exist among clinical isolates (25, 28) and have been shown to be capable of cell fusion, mating, and formation of tetraploids (5, 25, 27) . The isolation of mating products from an experimental infection and a recent report demonstrating that cell fusion can occur on the skin in an animal model suggest that the mating process can occur in association with the host, at least in experimental models of infection (17, 24) . The relatively frequent occurrence of strains with the potential to mate (3 to 10%, depending on the study) and their demonstrated ability to mate in vivo suggest that homozygosity at the MTL locus and mating could play a significant role in the virulence of this fungus, even though evidence suggests that it reproduces most frequently, although not exclusively, in a clonal manner (2, 14, 36) .
Despite the evidence suggesting the existence of mating in vivo, there are no reports of tetraploids among clinical isolates. One possible explanation is that there has been no careful survey of clinical isolates for ploidy. Indeed, only flow-cytometric analysis would provide definitive evidence for tetraploidy, but experiments designed to look at haplotypes might give some indication if, for example, three or four haplotypes were found in a single strain. However, analyses of heterozygosities have reported only two alleles for any given strain (11, 30, 38) .
A second possible explanation is that tetraploids are formed in vivo but are rapidly lost, because they are intrinsically less able to survive the host defenses (and may be outcompeted by the parental diploids) or because they rapidly return to the diploid state via meiosis or random chromosome loss (4) . Inoculation of mice with tetraploid strains in the presence or absence of diploids would provide a way of determining the fate of tetraploids in vivo in at least one experimental model. In this paper we report that such experiments suggest that tetraploids are less virulent than isogenic diploids, and both competition by diploids and chromosome loss may contribute to the rapid loss of tetraploids in the mouse model of disseminated disease.
While the role of mating and the MTL loci in the virulence of C. albicans is unknown, mating plays an important role in virulence in other pathogenic fungi. In the yeast Cryptococcus neoformans, strains with the MAT␣ configuration at the mating type locus have been shown to be more virulent in one serotype (23) . In similar studies of C. albicans, Lockhart et al. have shown that, in several strains which generate MTL homozygotes at a high rate, largely due to nondisjunction (41) , the homozygotes are very much diminished in virulence, and MTLa/␣ strains outcompete the corresponding MTL homozygotes (29) . A reconstructed heterozygote, in which the MTL␣2 gene was replaced ectopically in an MTLa homozygote, regained partial virulence.
These studies, however, used strains which are atypical, in that they seem to undergo nondisjunction at a very high rate, and furthermore they are prototrophs and thus difficult to manipulate in the laboratory. Finally, they are uncharacterized with respect to their karyotypes and genomic sequence except for a few genes. In order to take advantage of the growing number of techniques and large amount of genomic information presently available concerning C. albicans, we asked about the role of mating type in virulence, using strains that are genomically and/or genetically characterized in order to determine whether a wide variety of strains, including the one best characterized genetically, show the severe impairment of virulence observed by Lockhart et al. (29) . The availability of close-to-isogenic MTL homozygotes and heterozygotes has enabled us to answer this question. We show that in two separate isolates MTL homozygotes are diminished in virulence only slightly, if at all, compared to the heterozygotes.
MATERIALS AND METHODS
Strains and strain construction. The strains used in this work are listed in Table 1 .
Strains 3116, 3117, 4448, and 4449 were isolated from SC5314 after growth on sorbose as described previously (31) . Strains 3567 and 3568 were similarly derived from 1035. Strain 4450 was derived from strains 4448 and 4449 by mixing the cultures, isolating a mating pair, and then analyzing the progeny to verify that they were tetraploid. Thus, this strain is an isogenic tetraploid of SC5314.
Restoring auxotrophies. In order to avoid positional effects related to the integration of the URA3 gene, we restored one copy of the native URA3 locus for 3153 (derived from CAI-4). Strain CHY477, containing URA3 inserted into one allele of the ade2 locus and hisG in the other allele, was rendered Ura Ϫ by plating onto synthetic complete medium containing 0.1% 5-fluoroorotic acid (Zymo Research) and uridine (80 g/ml). The resulting strain was 3153. To prepare the transformation construct, a 3.9-kb NheI/PstI fragment encompassing URA3 and the adjacent IRO1 gene was cloned from a genomic DNA library from C. albicans SC5314. The URA3-IRO1 fragment was subcloned into XbaI/PstI-digested pBSK (Stratagene) to yield pBSK-URA3. Finally, NotI/PstI digestion was used to release the URA3-IRO1 fragment from pBSK-URA3. This fragment was used to transform the Ura Ϫ strains using the lithium acetate method (6) . Integration of the URA3-IRO1 fragment into the correct locus was confirmed by PCR and resulted in a reconstruction of the original URA3-IRO1 locus. The URA3 gene was then replaced as above to yield 3153.URA. Strain CAI-4.URA was restored to uridine prototrophy in the same way.
Construction of tetraploids. In order to test the effect of ploidy on virulence, we generated three sets of tetraploids closely related to the diploid strains used in the virulence tests. All tetraploids were constructed by mating as described by Magee and Magee (31) . Strains 3832 and 3834 were isolates of a mating between strains 3153.URA and 3142, and 3609 was a mating product of 3142 and CHY477. Strain 3148 was a mating product of strains 3316 and 3320. The parents were derived from FC18 by UV mutagenesis (20, 21) and rendered homozygous at the MTL locus by growth on sorbose.
Growth and preparation of strains. All strains were maintained in YEPD (10 g yeast extract, 10 g peptone, and 20 g glucose per liter)-glycerol (50%) or YEPDdimethyl sulfoxide (7%) suspensions at Ϫ80°C. Strains were grown in vitro at 30°C. Media used were YEPD and Min (6.7 g yeast nitrogen base without amino acids and 20 g of glucose per liter). Supplements (20 mg/liter) were added as needed. Sorbose medium was Min without glucose and with 2% sorbose (Fluka 85541). Gal Ϫ strains were selected on Min minus glucose plus 3% glycerol plus 0.1% 2-deoxygalactose (2-dG; Aldrich; 04407) (9) . All plates contained 15 g/liter agar (Sigma; A1296). Murine model of disseminated candidiasis. C. albicans strains were passaged overnight at room temperature in YEPD three times prior to infection in order to insure a highly active log-phase culture. Cells were harvested, washed, counted, and resuspended at a density of 10 6 /ml in nonpyrogenic phosphatebuffered saline (Irvine Scientific, Irvine, CA). Male BALB/c mice weighing 20 to 23 g (NCI) were injected through the lateral tail vein with 0.5 ml containing approximately 5 ϫ 10 5 blastospores. The infectious inocula were verified by counting the CFU plated on YEPD agar from appropriately diluted samples. Mouse survival was monitored three times daily, and moribund mice were euthanized. For tissue fungal burden experiments, mice were sacrificed at selected time periods postinfection and their kidneys were removed by sterile dissection, weighed, homogenized, diluted with saline, and quantitatively cultured on YEPD at 30°C. The plates were counted after 3 days. Values were expressed as CFU per gram of tissue. Cells from these plates were analyzed as described below for their ploidy. All procedures involving mice were approved by the institutional animal use and care committee, according to the National Institutes of Health guidelines for animal housing and care.
Statistical analysis. Kaplan-Meier curves were pairwise compared with the nonparametric log rank test. Median survival times were compared by using the nonparametric Wilcoxon rank sum test for multiple comparisons. Comparisons with P values of Ͻ0.05 were considered significant.
Analysis of tetraploid cells recovered from moribund mice. In order to determine whether there was a reduction in ploidy during passage through mice, we used two complementary strategies to analyze cells recovered from the kidneys of mice infected with tetraploids.
Replica plating on 2-dG. Kidney homogenates from mice were plated on YEPD at several dilutions in order to get ϳ100 to 200 colonies/plate, and the resulting plates replicated to 2-dG medium (9) . The colonies which were 2-dG resistant in the mouse isolates were taken to be derived from the inoculated diploids.
Flow-cytometric analysis. Colonies were picked from the YEPD plates containing the kidney homogenates, restreaked on YEPD, stained with Sytox green, and analyzed for DNA content by flow-cytometric analysis as previously described (31) . Some colonies were picked from the 2-dG plates and similarly analyzed.
Determination of viability in stationary phase. SC5314 and 4450 were inoculated from overnight cultures into YEPD and shaken at 30°C. At intervals, samples were taken, their cell counts were determined with a hemocytometer, and the samples were diluted and plated for CFU.
RESULTS
Tetraploids are less virulent than diploids. Mating and tetraploid formation can occur between clinical isolates which are homozygous and complementary at the MTL locus (25, 27) . However, there has not been a report of the isolation of a tetraploid C. albicans outside the laboratory. Possible reasons for this failure include a strong selection against tetraploids in vivo or a reduction to diploidy within the host, either via meiosis or by random chromosome loss. We examined the virulence of tetraploids in the mouse model to see whether the tetraploids are hypovirulent and unable to compete with diploid cells in the host. Figure 1A shows the results of infecting mice with 4450, a tetraploid mating product of strains 4448 and 4449. This strain exhibited reduced virulence compared with SC5314 and its MTL-homozygous derivatives (P ϭ 0.001 for SC5314); median survival was 14 days, and, after 21 days, 40% of the mice were still alive. We therefore examined three other tetraploids; two (3832 and 3834) were separate isolates of a cross of strain 3142 (MTLa/mtl␣1::hisG mtl␣2::hisG ura3::imm 434 (33) . It is similar to 3832 in that it lacks two intact ADE2 alleles and three intact URA3 alleles, but in 3609 a URA3 allele is inserted into the disrupted ade2 locus. Figure 1B shows that mice infected with 3832 survive significantly longer than those infected with the parent diploids. The time to 50% mortality with 3832 is about 9 to 10 days, and 10% of the mice survived for the duration of the experiment, while for 3834 survival was somewhat longer. We have no explanation for the fact that these sister strains differed in virulence, but the difference was significantly less than the difference between any tetraploid and any diploid. For strain 3609, 50% of the mice died between 8 and 11 days (data not shown) and all died after 18 days. The differences from diploids are highly significant, with a P value of 0.0002 for 3832 compared to the repaired CAI-4 strain. Strain 3832 was among the fastest-growing C. albicans strains used in the infection experiments, so that its reduced virulence must be related to something other than growth rate in rich medium. The reduced virulence of tetraploids was not strain specific, since tetraploid 3148, constructed from two auxotrophic derivatives of FC18, was also less virulent than the parental diploid, median survival being 13 to 14 days versus 7 to 8 days (P ϭ 0.007 by log rank test) (Fig. 1C) , and 20% of the mice survived. The two auxotrophic parents of this last diploid were also tested for virulence; one, 3320 (Trp Ϫ Lys Ϫ ), was avirulent, while the other, 3316 (Arg Ϫ Ilv Ϫ ), was less virulent than the prototrophic diploid parent but more virulent than the prototrophic tetraploid. Thus, every tetraploid tested was less virulent than any prototrophic diploid, whether from the same or a different strain, and the virulence of the tetraploids was not dependent on whether they were constructed of auxotrophs or prototrophs. Table 2 summarizes the virulence of tetraploids compared to that of SC5314.
Competition between tetraploids and diploids in infected mice. In order to determine whether tetraploids were intrinsically less virulent than diploids, we used strain AF27, which was derived from CAI-4 by disruption of both copies of the GAL1 locus on chromosome 1 and replacement of URA3 at the GAL1 locus. This strain has been shown to be equal in virulence to SC5314 (9) . Its advantage is that it can be selected on medium containing 2-dG. We coinfected mouse strains with inocula containing equal amounts of AF27 and either of two tetraploids, 3832 or 4450, sacrificed the mice at various time points, excised the kidneys and homogenized them, and then plated the homogenate on YEPD. The colonies were then replica plated to 2-dG to determine the fraction of diploids and tetraploids. Table 3 shows that, for the AF27-3832 combination, the number of diploids was roughly equivalent to the number of tetraploids after 2 days, but by 4 days the diploids constituted between 70 and 88% of the cells isolated from the mouse kidneys. The coinfection with AF27 and 4450 gave similar results; in this case the diploids predominated after 2 days, and by 4 days constituted more than 90% of the cells c A 2-deoxygalactose-resistant (Gal Ϫ ) diploid, AF27, was mixed with either of two tetraploids in a 1:1 ratio and injected into mice. At the times indicated, mice were sacrificed, their kidneys were excised and homogenized, and the homogenate was plated on YEPD. The cells were grown for several days on YEPD and then replica plated to Min plus 2-deoxygalactose. The number of 2-dG-sensitive colonies is taken as the number of colonies derived from the tetraploid inoculum.
recovered from the kidneys (Table 3) . By 6 days, the tetraploids were in a very small minority or in some cases absent.
Recovery of tetraploids from infected mice. The differential virulence of tetraploids during infection could be attributable to any of several causes. The tetraploids could be cleared more rapidly than the diploids by the mouse. Alternatively, the tetraploids could lose chromosomes either randomly or by a hitherto-undetected meiotic cycle. Such aneuploid cells or meiotic products could be diminished in virulence.
If differential clearance is the explanation, the 2-deoxygalactose-sensitive cells recovered from the mice would be expected to be largely tetraploid. However, if the cells undergo frequent changes in ploidy in the mouse, one would expect the sensitive cells to be diploid or at least to vary significantly from tetraploid. We therefore analyzed the colonies recovered from the kidneys of the moribund mice infected with 4450 for their ploidy. Several random colonies were selected (both from YEPD and from 2-dG), and the DNA content was determined by flow-cytometric analysis to look for evidence of reduction in ploidy. Figure 2 shows examples of strains with altered karyotypes taken from the competition experiment. Figure 2A shows the distribution of G 1 and G 2 cells from the diploid AF27 (dark trace) and Fig. 2B gives the G 1 and G 2 cells from the tetraploid 4450; the tetraploid distribution (light trace) is superimposed on the diploid in Fig. 2A and on the cells in Fig. 2C , D, E, and F. Figure 2D shows diploid cells from a 2-dG-resistant colony taken at 6 days. Figure 2C , E, and F show 2-dG-sensitive cells; the cells in Fig. 2C have a ploidy greater than 4ϫ, those in Fig.  2E are approximately diploid, and Fig. 2F shows a tetraploid. Table 4 shows the results of the analysis of 17 recovered strains as well as the parents. There are several important results. First, as expected the resistant strains remained diploid throughout the entire experiment. Second, up until 48 h, all the sensitive strains tested were tetraploid. Third, by 96 h the tetraploids were beginning to show variations in ploidy (MC13 to MC18 and MC23). Finally, there was a tetraploid strain, MC26, which had DNA content greater than 4N. Thus, the DNA content of the tetraploids begins to vary as the infection progresses. In single-infection experiments with tetraploids, the ploidy also varies, but cells with 4N DNA content are found as late as 10 days into infection. Figure 2G to I show flowcytometric data from an infection with 3834, a sister strain of 3832. This strain is one of the least-virulent tetraploids we have Table 2 ). Figure 2G shows a colony containing cells with ploidy greater than 4N, while the isolate in Fig. 2H is intermediate between 2N and 4N and the strain in Fig. 2I is close to tetraploid. These results suggest that the reduced virulence of tetraploids in the mouse model of disseminated disease is due to a variety of factors, one of which is probably production of aneuploid cells. Tetraploids and diploids from C. albicans die at equal rates in stationary phase. One possible reason for the failure of tetraploids to compete in the mouse infections would be a tendency to die in stationary phase more rapidly than diploids, as shown in Saccharomyces cerevisiae (1) . We tested this possibility by monitoring the viability of tetraploid 4450 and its parent, diploid SC5314, over 4 weeks. Table 5 shows that the viability of the diploid and the tetraploid declined at the same rate. By the end of the experiment, the viability of SC5314 had declined 98.5%, while that of 4450 had declined 98.7%.
Correlation of MTL genotype with virulence. In order to determine whether the configuration at the MTL locus affected virulence, we analyzed MTL homozygotes constructed from SC5314, the strain used to determine the C. albicans genome sequence, by plating the MTLa/␣ heterozygote on sorbosecontaining plates. Cells which are monosomic for chromosome 5, the site of the MTL locus, are able to grow on these plates (Sou ϩ [18] ) but undergo a reduplication event when grown on rich medium, leading to euploid strains completely homozygous for chromosome 5. The two homologues are lost with approximately equal frequency, so among the Sou ϩ strains are homozygotes for either mating type (26, 31) .
To determine the effects of MTL homozygosity on virulence, these homozygous strains were used to infect mice. The inocula varied from 3.2 ϫ 10 5 to 5 ϫ 10 5 cells per strain. Figure 1A shows the combined results of two experiments using 16 mice in total. Strain 4448, the MTLa/MTLa strain derived from SC5314, and 4449, the corresponding MTL␣/MTL␣ strain, appeared to be less virulent than the MTLa/MTL␣ strain, SC5314 (P ϭ 0.009 for 4448 and P ϭ 0.034 for 4449), and the two homozygotes were equivalent to one another (P ϭ 0.7). In a parallel experiment using a second, independent set of MTL homozygotes, 3116 (a/a) and 3117 (␣/␣), 3116 was not different from SC5314 (P ϭ 0.47) but 3117 was less virulent (P ϭ 0.002) (data not shown).
To broaden the number of strains examined, we used MTL homozygotes of an unrelated strain, FC18. Figure 1C shows that once again the MTL␣/MTL␣ cells were less virulent than the MTLa/MTL␣ cells (P ϭ 0.03). Although the MTLa/MTLa homozygotes were slightly less virulent than the parent in this experiment, the difference was not statistically significant (P ϭ 0.15). Thus, in two genetic backgrounds, strains lacking the MTLa locus (MTL␣ homozygotes) were somewhat less virulent than the heterozygote (although still capable of lethal infections at the standard dose), suggesting that there may be genes associated with virulence which are upregulated by the product of the MTL␣1 or MTL␣2 gene or downregulated by the MTL␣ genes (39) . The behavior of the strains lacking the MTL␣ allele was variable. SC5314-derived homozygotes were diminished in virulence like the MTL␣ homozygotes while FC18-derived a/a homozygotes were equal in virulence to the parent. However, in all cases MTL homozygotes were significantly virulent.
DISCUSSION
Since the discovery of the MTL locus in Candida albicans (16) and the subsequent demonstration that mating is possible in this pathogenic yeast (17, 31) , the question of the biological role of mating and especially its role in virulence has been an intriguing one. MAT␣ is more virulent than MATa in serotype D C. neoformans (23) , but in serotype A the levels of virulence of the two genotypes are equivalent (34) . Since mating in C. albicans involves loss of some or all heterozygosity on chromosome 5, a switch in cell type from white to opaque, and a mating product which is tetraploid, it might be expected to have a significant effect on host-fungus interactions. We there- a Colonies were picked from YEPD or 2-dG medium and restreaked on YEPD. They were then assayed for DNA content by flow cytometry as described in Materials and Methods. We have shown that a number of independently isolated tetraploids from several strain backgrounds are less virulent than their diploid parents. This is true whether they are tested individually or in competition experiments. The difference is unrelated to growth rate, and it does not seem to be due to differential loss of viability in stationary phase. Although the tetraploid cells were rapidly displaced in competition experiments, they were nevertheless able to cause lethal infections when inoculated alone. In several experiments, the difference in the time to 50% mortality for isogenic or nearly isogenic diploid/tetraploid pairs was about 6 to 8 days, suggesting that tetraploids are less able to survive and multiply in the animal, despite the fact that they grow well in vitro.
What might be the mechanism for this diminished virulence? One possibility raised by the results of Lockhart et al. is that the process of becoming homozygous at the MTL locus attenuates a cell and that mating does not restore virulence. However, in our hands the parents of the tetraploids we analyzed were as virulent or almost as virulent as the heterozygous diploids from which they were derived. The tetraploids grow as fast as or faster than the diploids in vitro. However, growth in vitro is a test of the ability to grow at a rapid rate, while infection requires the ability to withstand host defense factors, to grow under difficult conditions, and to adapt to particular niches. All of these characteristics require particular gene expression patterns, and it may be that in C. albicans, as in S. cerevisiae, gene expression is affected by ploidy. A study of the effect of ploidy on gene regulation in S. cerevisiae found that 10 genes were ploidy induced and 7 were ploidy repressed (12) . One of the repressed genes, FLO11, is involved in invasive growth, a process related to filamentation in Candida; however, an orthologue of this gene has not been identified in the C. albicans genome. As discussed by Galitsky et al., two possible mechanisms for ploidy-regulated gene expression are sensing gene dosage and sensing total DNA content (12) . If expression of genes related to virulence is similarly regulated in C. albicans, the diminished virulence might be explained. Experiments are ongoing to look at gene expression in tetraploids of C. albicans compared to isogenic diploids to determine whether there are significant differences dependent upon ploidy and whether these differences involve virulence factors. If so, it will be important to determine how the affected genes are regulated. Downregulation of some genes for some virulence factors in tetraploids may explain part of the virulence discrepancy, but it seems likely that an important factor may be the fact that tetraploids lose chromosomes under stress (4, 15) . Indeed, chromosome changes, such as apparent loss of a homologue followed by reduplication of the remaining one, can occur during infection even in diploids during infection (10). Since we found that many colonies derived from tetraploid cells in the mixed-infection experiment had altered ploidy, the stress of infection likely causes significant karyotypic changes in tetraploids. Aneuploids began to appear in the mixed infections after about 4 days, and the fraction increased as the infection continued. Aneuploidy has been shown in vitro to lead to slower growth (3, 19) and diminished virulence (7) . If slowgrowing aneuploids are produced in large numbers from tetraploids in vivo, they could effectively diminish the inoculum. A population shift to predominately aneuploid cells over the course of the infection in the mouse would explain the fact that in five of six independent experiments, from 10 to 40% of the mice survived infection with an inoculum of tetraploids. However, no tetraploid was avirulent. The cells with ploidy higher than 4ϫ pose a special puzzle. It seems highly unlikely that chromosome loss leads to MTL homozygotes with ploidy greater than 2 which then mate. The cells with very high DNA content are most likely due to the same sort of nondisjunction events which lead to aneuploids with intermediate DNA content. The karyotypes of all the cells with altered DNA content are under investigation. The fact that cells of ploidy intermediate between diploid and tetraploid were isolated from infected mice argues that, as in the in vitro experiments of Bennett et al. (4) , reduction in ploidy does not occur via classical meiosis.
We determined the virulence of a total of three pairs of MTL homozygotes derived from two strains: SC5314 and FC18. In contrast to previous results (29), we found that the strains we tested that were homozygous at the MTL locus are all somewhat virulent, with the exception of one Trp Ϫ Lys Ϫ auxotroph (data not shown). For example, in Fig. 1A , the two homozygotes differ in virulence from the parental heterozygote by only 1 to 2 days in the time to 50% survival of the infected mice. In replicate experiments, the 50% mortality time difference varied from 0 to about 3 days. In strains derived from FC18, the difference was 1 to 2 days, and the a/a strain was statistically equivalent in virulence to the parent, while the ␣/␣ strain was slightly less virulent. All the prototrophic MTL homozygotes were more virulent than any tetraploid.
Several differences may explain the divergence between these results and those of Lockhart et al., who found that MTL homozygotes derived from three different clinical isolates, all of which have a high frequency of nondisjunction for chromosome 5, were avirulent or only slightly virulent and that restoring the ␣2 gene to an a/a homozygote partially restored virulence (29) . Among the possible explanations is that nondisjunction of one chromosome may often be accompanied by nondisjunction of others, leading to progeny which are genetically dissimilar to the parents. This could lead to genotypes of much lower virulence. It seems unlikely that the tendency to nondisjoin itself is a factor, since the parents were all virulent. This possibility does not explain the complete avirulence of one homozygote which arose by mitotic recombination or the restoration of virulence by ␣2. A second possible explanation is that the homozygotes may have reduced growth rates. It is also possible that there are fundamental differences in the regulatory network controlled by the MTLa/␣ loci between the group of strains used by Lockhart et al. and the three used here. For example, if the strains used by Lockhart et al. are able to switch to the less-virulent opaque cell type at higher temperatures, the discrepancy would be resolved, since addition of the ␣2 gene would prevent switching and restore virulence. A final possibility may be the difference in mice and the conditions used to infect them; we used BALB/c mice and a several-step growth preparation for our inocula, while Lockhart et al. used ND4 mice and a single-step growth protocol for inoculation. Whatever the explanation for the previously reported complete avirulence associated with MTL homozygosity, it does not occur in the experiments reported here.
The observation that tetraploids are less virulent than diploids may explain the failure to isolate tetraploids from clinical samples. However, since a comprehensive survey does not appear to have been conducted, we cannot say that higher-ploidy cells do not exist in vivo; we can only point out that they have not been observed. Our results suggest that mating does not play a significant role in virulence, since the mating products are rapidly selected against, at least in the mouse model of disseminated disease. However, if mating products are formed in vivo, the selection against them will rapidly lead to a return to the diploid state. This in itself could serve as a means to genetic diversity.
It seems clear that ploidy can play a role in the pathogenic potential of C. albicans, at least in the murine model of hematogenously disseminated disease. A correlation of virulence with mating type is not unprecedented among human fungal pathogens; mating type is important in the virulence of Cryptococcus neoformans var. neoformans (23) and not important in C. neoformans var. grubii (34) . However, our results show that the particular configuration of the mating type does not seem to be important in the virulence in C. albicans in the most frequently used strain background. Thus, any experiments which involve MTL homozygotes in virulence must take into account the possible strain-specific virulence differences associated with MTL homozygosity.
